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In  conducting  the  research  described  in  this  report,  the  Investigators  adhered  to 
humane  animal  experimental  procedures. 

The  volunteers  in  these  tests  were  handled  in  accordance  with  principles,  policies,  | 

and  rules  analogous  to  those  established  in  AR  70-25.  j 
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.qc£  the  comparative  effectiveness  of 

\  FOUR  RIOT  CONTROL  AGENTS  (U) 

(U)  The  need  of  dispelling  riotous  mobs  without  causing  casualties 
has  led  to  the  study  of  several  chemical  substances  which  hove  harassing 
or  incapacitating  properties  when  inhaled. 

(C)  This  report  includes  data  on  the  inhalation  toxicity  in  labo¬ 
ratory  animals  and  the  tolerable  or  incapacitating  dosage  in  man  of  CN, 
DM,  EA  1778,  and  EA-1779. 

(C)  Toxicity  determinations  were  conducted  on  the  mouse,  rat,  and 
guinea  nig  by  exposin’,  them  to  the  ogents  for  various  periods  of  time, 
ranging  from  15  to  60  minutes  at  concentrations  from  50  to  4000  ng.  /m? 
Periodic  samples  of  the  chamber  atmosphere  were  analysed  for  airborne 

I 

concentrations.  The  toxicity  of  Inhaled  riot  control  egents  for  labora¬ 
tory  animals  is  summarized,  in  Table  1. 

TAHLE  1  (C) 

Toxicity  of  Inhaled  Riot  Control  Agents 
Expressed  Dose  x  1000  ■  rag. min.  /ra? 


Agent 


SP*C1“  L<*50*  LothaMToss 


DM 

Mouse 

3P 

1 

Rat 

3 

1.2 

Cuinca  Pig 

f  5 

3.5 

EA  1778 

Mouse 

A 

28 

Rat 

6P 

13 

Guinea  Pig 

2p 

to 

•A  1779 

Mouse 

35 

1% 

Ret 

18 

67 

Guinea  Pig 

8.8 

6.9 

CN 

Mouse 

_ P  - 8 _ 

_ (LA 

OouBKt  355 
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phase,  the  subjects  wore  allowed  to  breathe  the  agent  from  a  200  liter 
dynamic  flow  chamber  through  a  face  mask  so  that  the  eyes,  nose,  and 
mouth  ware  exposed  to  the  aerosol  or  vapor.  By  this  technique  we  at* 
tempted  to  eatablish  a  concentration  of  the  agent  which  would  be  Intol¬ 
erable.  The  second  phase  of  the  experiment  consisted  of  total  body  ex¬ 
posures  of  the  volunteers  in  a  20  a?  chamber. 

(U)  In  both  seta  of  experiments  the  same  instructions  applied: 
the  volunteers  kept  on  the  gas  meek,  or  remained  in  the  chamber,  until 
the  exposure  became  Intolerable.  When,  in  their  Judgment,  the  intoler¬ 
able  level  was  reached,  they  were  free,  without  any  prompting  from  the 
observers,  to  take  off  the  face  mask  or  to  leave  the  chamber,  as  the  case 
may  be.  If,  however,  the  volunteers  were  able  to  tolerate  the  agents  for 
an  indefinite  period  of  time,  the  exposure  was  terminated  at  a  predeter¬ 
mined  time  which  would  not  exceed  the  maximum  allowable  concentration  as 
setup  for  this  experiment.  Samples  of  the  atmosphere  for  analysis  were 
taken  during  each  exposure  to  determine  the  actual  intolerable  level  for 
each  subject. 

(U)  Each  volunteer  had  a  complete  history  and  physical  examination 
including  a  chest  X-ray.  Any  person  with  a  history  of  any  allergy  or 
pulmonary  pathology  was  not  used  in  the  experiment. 

(U)  After  each  exposure,  the  subjects  were  questioned  and  re¬ 
examined.  In  the  total  exposures  in  the  large  chamber  the  airway  resist¬ 
ance  was  measured  using  an  Ajchaometerl.  The  post-exposure  values  were 
compared  to  control  values  taken  just  prior  to  exposure. 

^Instrument  developed  by  Dr.  J.  Clements,  USA  CWL,  Directorate  of  Medical 
Research. 
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(U)  The  offuct  of  individual  riot  control  agents  in  mint  is  shown 
in  Tublo  2. 


TAHLE  2  (C) 


The 

Effect  of  Riot  Control  Agonts  on  Man 
Results  Summarize  both  Sets  of  Observation 

Conccntrat ion 

DM 

CN  EA  1778 

EA  1779 

Min 

Max 

ng. 

/m?* 

Number  Deciding  the  Agent 

Intolerable 

Within  30 

Sec. 

2 

10 

0/10 

0/4 

0/9 

2/15 

ll 

20 

0/11 

0/1 

0/14 

3/6 

21 

50 

0/4 

0/8 

9/39 

10/10 

51 

100 

0/1 

0/24 

- 

12/10 

101 

360 

- 

3/12 

- 

Number*  Deciding  the  Agent 

Intolerable 

Within  120 

Sec. 

2 

10 

0/10 

0/4 

0/9 

6/15 

11 

20 

l/il 

1/1 

7/14 

5/C 

21 

50 

0/4 

2/8 

20/39 

10/10 

51 

100 

1/1 

3/24 

m 

12/12 

101 

360 

m 

9/12 

e» 

- 

Persistence 

of  the  Incapacitating  Signs 

»  Min. 

20  to  120 

1  to  10 

1 

5 

to  20 

Time  to  Incapacitation  • 

Sac. 

90  to  180 

25  to  300  10  to  180 

_6_ 

to  60 

*<C)  Ho • ed  on  the  molecular  weight  of  these  compounds  1  ppm  is  equivalent  to 
11.3  for  DM,  0.3  mng./l.  for  CN,  9.3  mg./l.  for  BA  1778,  and 

7.7  mag. /I.  for  EA  1779. 


(C)  DM  caused  minor  symptoms  during  exposure;  the  chief  ono  was  a 
burning  sensation  in  the  airway.  Upon  exposure  to  fresh  air,  these  symp¬ 
toms  were  accentuated  and  new  symptoms,  including  salivation,  severe 
coughing  and  sneezing,  become  evident,  persisting  up  to  2  hours.  There 
was  one  severe  reaction  consisting  of  face  flushing,  trembling,  profuse 
sweating,  eevare  pain  in  Che  chist,  and  uncontrollable  coughing.  This 
lasted  20  to  25  minutes.  The  subject  did  not  recover  fully  for  several 
hours.  One  person  constantly  developed  laryngitis  and  another  had  pain  in 
the  teeth.  Signs  of  physical  examination  were  negative,  only  a  slight  to 
nodcratc  conjunctivitis,  lasting  5  to  20  minutes. 
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(C)  EA  1778  produced  a  burning;  sensation  In  the  noao  with  rhiunrrhea, 
burning  of  the  trachea  which  produced  coughing;  and  occasionally  burning;  of 
eyes  with  lacrlraation.  The  coughing  sometimes  become  Intolerable,  capo* 
daily  aflar  oral  breathing.  Lacrlnation,  salivation,  and  sweating  ware 
evident  In  the  total  body  exposures,  and  nausea  and  vomiting  occurred  In 
two  subjects  who  had  oaten  large  meals  just  prior  to  exposuro.  Physical 
examination  revealed  only  a  mild  transient  conjunctivitis;  airway  resist¬ 
ance  was  not  significantly  changed.  The  agent  Is  nonporslstent  end  symp¬ 
toms  were  rapidly  relieved  In  fresh  air. 

(C)  EA  1779  produced  burning  of  the  oyos  with  lacrimutlon,  Irrita¬ 
tion  of  the  nose,  throat,  and  chest,  ccughlnc,  and  difficult  breathing. 

The  latter  symptom  was  the  mast  severe.  During  one  exposure  at  a  high 
concentration  (80  rag. /nr))  there  was  a  devastating  effect  producing  casual¬ 
ties  uithln  a  few  seconds  with  symptoms  of  vortigo,  nauaoa,  vomiting*,,  im¬ 
pending  syncope,  and  inability  to  open  tha  oyos;  these  symptoms  usually 
persisted  about  S  minutes.  Signs  of  profuse  sweating  and  sevore  con¬ 
junctivitis  persisted  up  to  1  hour.  Airway  resistance  woo  not  signifi¬ 
cantly  altered.  One  person  retained  syraptoras  of  anorexia,  nausea,  and 
malaise  for  over  24  hours. 

(C)  Safety  factors  for  the  riot  control  agents  wore  calculated  as 


follows: 


Minimum  Lethal  Ct  in  the  most  sensitive  animals  .  gofety  Factor 
Effective  Ct50  In  man  (t  •  1  rein  or  less) 

One  minute  exposures  were  used  in  all  calculations  although  some  exposures 

ware  teralnated  in  20  Seconds.  The  values  are  shown  in  Table  3. 


—  D^LASSIFIEI 


Tim  safety  factors  Indicate  thut  EA  1779  could  be  used  with  ('.renter 
safety  than  the  other  agents  mentioned. 

(C)  Of  the  individual  agents,  EA  1779  Is  the  most  p°Cont  wad  the 
faatccc  actin',  in  Minimal  effect  Ivu  doaca.  It  lu>j  tho  wUsst  ta-V'.ln  of 
sufciy,  baaed  on  the  ratio  between  the  ralninun  lethal  concentration  in 
the  uoat  ncujilive  a,>ocloi  of  aulnal  and  the  effective  doou  In  muii,  It 
bo 9  the  limitation  that  the  Incapacitatin',  effects  disappear  after  a  few 
-ilnutca  in  fresh  air.  Volunteers  have  willingly  submitted  to  re-coosure 
ut  concentrations  of  8  to  16  nj./  i?  (1  to  2  ppn). 

(C)  Tests  are  In  progress  to  determine  the  necessary  concontration 
and  Ct  of  DM  to  produce  persistant  physiological  offsets.  This  Ct  «p- 
poars  to  be  between  100  to  200  rag, min. /m? 

Mixtures  of  Riot  Control  Ar.ontn 

(C)  Slxtcon  unprotected  men  were  e.tposod  to  an  aerosol  containing 
h.5  to  1  ppn  each  of  EA  1779  and  DM.  This  aerosol  was  Intolerable  to  all 
men  within  20  to  55  seconds.  They  were  Incapacitated  when  (nervine  from 
tho  cloud.  All  recovered  in  leas  than  5  minutes.  Nona  suffered  per* 
siatont  or  dolayed  effects.  Although  reluctant,  all  were  willing  to  bo 
re~cxpoaed.  Ten  men  carrying  protective  masks  were  placed  in  the  ylnd 
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tunnel.  When  the  oorosOrUM  <J4faeie'l  may  were  able  to  don  .  nJ  c->ot>mic 
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warlnc,  the  nooks.  Five  men  carry! it;;  protective  Masks  ran  in  trouh  ir 
until  they  were  breathing  heavily.  They  ran  into  the  EA  1779-DM  aerosol 
wliilc  hyperventilating.  All  were  oMt  to  don  ami  continue  waring  tin. 
mask.  Lack  of  persistent  signs  after  exposure  to  on  acropol  containing 
1  ppm  each  of  EA  1779  and  OH  is  in  disagreement  with  Tritish  data.  The 
willingness  to  be  re-cxpnsud  to  effective  concentrations  of  EA  1779  also 
differs  from  Oritiali  findings.  The  American  volunteers  were  unselectod 
men  who  were  collected  from  various  Amy  installations.  They  had  no 
special  training  in  chc.iical  wurfure  diaclnllna. 

(0)  Directorate  of  Medical  Research  plans  to  continue  a  study  of 
mixtures  of  EA  1779  enJ  CM.  The  objective  is  to  obtain  on  aerosol  which 
will  have  the  speed  and  effect ivenoss  of  EA  1779  end  the  persistency  of 
DM.  It  is  further  hoped  that  EA  1779  might  act  as  a  safety  valve  and 
prevent  overexpopure  to  tho  more  toxic  DM.  This  would  make  an  ideal 
agent.  Indications  at  this  state  of  development  indicate  that  an  aerosol 
of  1  part  ft  1779  and  10  to  15  ports  DM  night  be  required.  There  is  the 
possibility  that  the  hoped  for  combination  Is  not  possible. 

(C)  If  a  suitable  mixture  is  not  obtainable  then  EA  1779  nsod  ulono 
vrould  be  tho  moot  offoctivo  and  fastest  acting  riot  control  or  incupacltat 
ing  agent  available  for  uac  against  unprotected  troops.  The  limitation  of 
duration  of  action  could  be  overcome  by  continued  disporsion.  This  agent 
should  be  used  in  low  concentration,  1  to  2  ppm.  At  this  concentration 
Che  cloud  is  invisible  to  the  naked  eye.  It  appear*  that  the  effective* 
nass  of  this  agent  would  be  neutralised  by  protective  masks.* 


